history that has resulted in generation of hydrocarbons. The organic matter appears to be hydrogen deficient, however, which could indicate that the rocks are more likely to be a source of gas rather than liquid hydrocarbon, unless the hydrogen loss is due to weathering.
Because the availability of source rocks adequate for generation of oil or gas is a major factor in assessing the petroleum potential of the OCS, we have evaluated selected argillaceous rocks from the dredge hauls for hydrocarbon generation potential using standard analytical techniques. The purpose of this report is to summarize our data and 
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Methods
Of the dredge hauls that are believed to have sampled outcrop, seven contained argillaceous rocks with organic carbon contents in excess of 0.5 percent, or within the general range of shaly source rocks (Tissot and Welte, 1978, p. 430 1 Depth and coordinates are given for start and finish of dredge casts.
Structural and stratigraphic setting
The general lithology and age of outcrop samples collected in 1977 from the continental slope in the eastern Gulf of Alaska has been outlined by Plafker and others (1978a) and the 1978 sampling cruise tends to confirm and add detail to the earlier work. Data on the structure and petroleum potential of the Outer Continental Shelf in this region were summarized by Bruns and Plafker (Plafker and others, 1978b) .
In general, the continental slope is underlain by a sequence of rocks that appears to be in normal stratigraphic superposition with the oldest Yakutat block to the east and the Yakataga shelf to the west (Plafker and others, 1978) . This segment of the continental slope is characterized by linear ridges with as much as 3,300 ft (1,000 m) topographic relief that probably reflect anticlinal structures. These ridges, in part at least, are underlain by rocks of early Tertiary age that constitute acoustic basement. They include siltstone, calcareous siltstone, concretionary siltstone, and quartzofeldspathic sandstone, some of which contains diagnostic late Eocene microfaunas. The older Tertiary strata in this part of the slope are generally mantled by Quaternary hemipelagic mud. Moderately folded to gently dipping strata of the Yakataga Formation overlap the older strata along the higher parts of the continental slope and fill basins that are ponded along the north flanks of some slope ridges.
HYDROCARBON SOURCE ROCK ANALYSES
Methods
Selected samples of argillaceous rocks from the dredge hauls were analyzed for organic carbon content by a wet oxidation-gravimetric method modified by Bush (1970) . Two of the richest samples were analyzed by conventional extraction and chromatography techniques (Claypool and others, 1978) . In addition, the hydrocarbon generating capacity of the organic matter for all these samples was evaluated by thermal analysis (Chromalytics MP-3 or Rock-Eva! pyrolysis) using the general procedures described by Claypool and Reed (1976) and Espitalie and others (1977) . Analytical results are summarized in tables 2 and 3.
Thermal analysis of samples collected on the 1977 Sea Sounder cruise was conducted only on the MP-3 instrument (which is why CC>2 yield is not reported); the 1978 samples were analyzed on both the MP-3 and the RockEva! . Hydrocarbon yields are comparable for the two techniques, but the furnace temperature at the time of maximum pyrolysis is significantly different for the two instruments. The temperature of maximum pyrolysis yield (T(S 2 ), °C) reported in table 2 is that measured by thermocouple during Rock-Eva! pyrolysis, except for the S2-77-series, in which case it is the MP-3 temperature minus 48 °C. The data in table 2 are reported in terms of the units, terminology and conventions of Rock-Eva! source rock characterization, as discussed by Tissot and Welte (1978) . Sj is the integral of the first hydrocarbon peak produced by heating the rock sample in flowing helium at 250° C for 5 minutes (or from 50° to 325° C at 40° C/min in the case of the MP-3 analysis). Si is free or adsorbed hydrocarbons in the rock. S 2 is the integral of the second hydrocarbon peak produced mainly by pyrolysis of the solid organic matter when the rock is heated from 250° to 550° C at 25° C/min (or 325° to 720° C at 40° C/min in the case of the MP-3 analysis). S 3 is the integral of the carbon dioxide peak, determined by automated thermal conductivity gas chromatography on a split of the gas trapped during the heating interval 250° to 390° C. This COa is mainly that produced by pyrolysis of organic matter. Detector response is calibrated by analysis of known weights 8 
Organic carbon content
Organic carbon contents of samples listed in table 2 range from 0.56 to 1.64 percent and average almost 1.1 percent carbon. These carbon contents are above the generally accepted minimum values of 0.5 percent organic carbon for argillaceous hydrocarbon source rocks (Tissot and Welte, 1978, p. 430-431) . However, they are well below the concentrations of up to 7.6 percent organic carbon in the richest shales from the Oligocene sequence that crops out on Kayak Island in a zone up to 250 m thick (Plafker, 1974) .
Extraction and chromatography
Results of the analyses of samples S5-78-EG-22D3 and 44D for extractable hydrocarbon content by solvent extraction, elution, chromatography, and gas chromatography are presented in table 3.
Sample 22D3 is exceptionally rich in extractable hydrocarbons (700 ppm). The saturated hydrocarbons have a mature, waxy petroleum-like distribution ( fig. 2) . The saturated hydrocarbon fraction predominates over aromatic hydrocarbons (S/A = 1.36), the extractable bitumen is 71 percent hydrocarbons, and the hydrocarbon-to-organic carbon ratio is 6.2 percent. These characteristics of the extractable organic matter (assuming it is indigenous to the rock) in this sample indicate that petroleum hydrocarbons have been generated in sufficient quantities to consider the strata represented by sample 22D3 as possible source rocks.
In addition, the relative amounts of hydrocarbons and total organic carbon indicates that the sampled rock has undergone close to the optimum thermal history for liquid hydrocarbon generation. However, the saturated (Espitalie and others, 1977; Tissot and Welte, 1978, p. 445 ff.), which shows the three main kerogen thermochemical evolution paths ( fig. 3 ). The generally low hydrogen index suggests that the organic matter in the dredged samples is not the type that would generate mainly liquid hydrocarbons.
Taken at face-value, the results of thermal analysis indicate that the dredged samples from the Eastern Gulf of Alaska are not potential oil source rocks, but have limited potential for generating gas. However, the more detailed extraction analysis of the richest dredge samples from two localities revealed saturated hydrocarbon mixtures which are inconsistent with association with dominantly humic, gas-prone type of kerogen.
This suggests that the hydrogen and oxygen indices may not reflect the original nature of the organic matter because of "secondary "a1teratix>rrxlue to submarine weathering. Weathering can increase the oxygen content of organic matter, and this is reflected in lowered oil yields and increased water yields in Fischer assay of weathered shales (Brown and Breger, 1965 (Clayton and Swetland, 1978) , and may be a better indicator of the original quality of the organic matter than the inference based on relative pyrolysis yields from weathered samples.
In view of the pervasive oxidation of outcrop samples, with oxidized rinds to 10 cm thick, the latter alternative seems more likely.
However, the contradiction cannot be resolved until fresh, preferably subsurface, samples of the same rock units are available.
Discussion
The results of analyses of argillaceous rocks of Eocene and Oligocene age dredged from the continental slope suggest that at least some of these rocks can be considered as possible source rocks on the basis of organic richness and thermal maturity: Considering that dredging is a random sampling technique, and that only a small number of dredge samples recovered pre-Yakataga argillaceous rocks, it is likely that rocks of comparable lithology are widely distributed on the continental slope and beneath the adjacent continental shelf.
The data indicate that at least one of the samples of probable early Eocene age from near the base of the slope (S5-78-EG-22D3) has generated petroleum hydrocarbons. A second sample of late Eocene age from about midway up the slope (S5-78-EG-44D) also contains extractable hydrocarbons, but of a type that indicates a somewhat lower-thermal history. The Rock-Eval pyrolysis data, however, for all the samples are inconsistent with the extraction analysis in that the relatively low ratios of hydrogen index to oxygen index suggest that the organic matter present is predominantly of a chemical type which does not yield liquid hydrocarbons but could be a source of gas. Because of the high total organic carbon contents and abundance of marine organisms that should normally produce Type I kerogen in the samples ( fig. 2 ) and the pervasive surface alteration of the rocks, we suggest that the discrepancy may be due to oxidation in the weathered zoner^_______________ -^Visual kerogen assessment (table 4) and vitrinite reflectance measurements (table 5) , which became available after this paper was completed, tend to confirm our evaluation that the organic matter in the samples is of types that can generate both liquid hydrocarbons and gas but is more likely to be gas-prone, and that at least some of the organic matter is thermally mature. On the basis of the stratigraphic units in which most of the oil seeps and other indications of petroleum were found onshore a probable source in the middle part of the Tertiary sequence (Poul Creek and Katalla Formation) was inferred (Plafker, 1971 (Plafker, , 1974 others, 1975, 1978 b) . Overlying bedded rocks of Miocene and younger age (Yakataga Formation) characteristically have low organic carbon contents and poor source rock potential. Bedded rocks of Eocene age onshore (Kulthieth and Tokun Formations and unnamed siltstone unit) are hard, complexly deformed, coal-bearing continental and nearshore marine rocks believed to have little petroleum potential (Plafker and others, 1978b) .
However, the coeval rocks that have been dredged from the continental slope indicate that a marked improvement in the petroleum potential of the sequence occurs offshore.
The Eocene rocks sampled from the .continental,si ope. dip. northward, beneath thick sequences of younger strata that underlie much of the continental shelf. The association in the dredge hauls of potential source rocks with relatively clean sandstones and coarse conglomerates that could provide hydrocarbon reservoirs suggests that the Eocene sequence should be considered a possible petroleum source and exploratory target in the eastern Gulf of Alaska outer continental shelf. 
